Abstract: Based on theoretical conclusions, a new family of testate amoebae, Padaungiellidae, is described. It includes three genera: Alocodera, Apodera and Padaungiella. The most striking characteristic of the members of this family is an elongated neck, and absence of sets of teeth and septa along the oral-aboral axis on the inner side of the neck. The most common species of this family is Padaungiella lageniformis. Morphometrically, this species is not analyzed yet, so the qualitative and quantitative characters of a sphagnicolous population of P. lageniformis from the Vlasina Lake area (Serbia) are reported here. Quantitative characters were analyzed by univariate statistical methods. Coefficients of variation were moderately low for all the measured characters (range from 4.37 to 10.71%). Frequency distribution of only seven of sixteen variables showed approximately zero level of kurtosis, which indicated that specimens with average measurements were not predominant in the studied population. This paper provides evidence of the presence of an aberrant form of P. lageniformis.
INTRODUCTION
Testate amoebae (Arcellinida and Euglyphida) are cosmopolitan and can be found in marine and fresh water ecosystems, as well as in terrestrial habitats. All representatives are free-living and move by pseudopodia. The smallest species are approximately 7 μm long, while the largest can reach 600 μm. All species are heterotrophic and feed on bacteria, fungi and protists. For this reason, testate amoebae are important components of aquatic and terrestrial ecosystems. Namely, they are important for the energy flow and nutrient cycles in ecosystems. For this reason, many authors are using these organisms as bioindicators to monitor a wide range of environmental changes. Also, this group of amoeboid protists is interesting for paleoecological, zoogeographical and evolutionary studies. However, the existence of many undescribed or poorly described species of these organisms is a problem for using them in multidisciplinary studies. An additional problem is the presence of intraspecific variability.
In the present paper, based on theoretical conclusions, I define a new family, Padaungiellidae, and report the morphology and morphometry of Padaungiella lageniformis (Penard, 1890) Lara et Todorov, 2012 from Sphagnum mosses collected in the Vlasina Lake area. In the studied population, an aberrant form of P. lageniformis was observed. I also discuss the validity of the number of aperture as a taxonomic character. The emphasis is on the implications of the new discoveries published by Snegovaya and Alekperov (2005) . Namely, these discoveries have been ignored in some very important papers. For example, Adl et al. (2012) give the following description for the group Arcellinida: "Testate, inside an organic or mineral extracellular test of either self-secreted elements (calcareous, siliceous, or chitinoid) or recycled mineral particles bound together, with a single main opening". However, three species described by Snegovaya and Alekperov (2005) are characterized by two main openings.
MATERIALS AND METHODS
The material for the present study was extracted from wet Sphagnum mosses in area of Vlasina Lake, southeast Serbia, on 28 May 2013. Morphology and morphometrics of the shells of 334 specimens were studied on a light microscope Zeiss Axio Imager A1 under 630x magnification and photographed with digital camera AxioCam MRc5 (Zeiss). Measurements were made using the program AxioVision 4.9.1. Statistical analysis was performed using the program PAST 2.17.
RESULTS AND DISCUSSION

Family Padaungiellidae fam. n.
Based on molecular data, Lara et al. (2008) concluded that Apodera vas and Nebela lageniformis formed one clade, located at the base of the clade consisting of genera Nebela and Hyalosphenia. Nebela lageniformis is included in the genus Padaungiella (Kosakyan et al., 2012) , comprising of species with pronounced long necks, which is also characteristic of Apodera vas (Certes, 1889) Loeblich et Tappan, 1961. However, I think that the genus Apodera should not be grouped with species of the genus Padaungiella into one genus because it has specific indentation between the neck and the rest of the shells. This characteristic clearly defines the genus Apodera. Kosakyan et al. (2012) noted a very close relationship between the genera Alocodera and Padaungiella. According to these data, I concluded that the genera Alocodera, Apodera and Padaungiella are closely related and I established a new family, Padaungiellidae, for this group. The most striking characteristic of the family Padaungiellidae is the elongated neck. However, it should be noted that members of the genus Certesella have a pronounced neck but, unlike members of the family Padaungiellidae, they have two sets of teeth and two septa that extend along the oral-aboral axis on the inner side of the neck. The genus Alocodera has been very poorly studied, while some members of the two other genera have been studied using a scanning electron microscope and morphometrical methods.
The genus Alocodera Jung, 1942 is monospecific − comprised only of A. cockayni (Penard, 1910 ) Jung, 1942 . The shell is pyriform, compressed and possesses a long neck separated by a lateral indentation from the posterior part of the shell. The shell is sometimes characterized by two difficult to observe lateral pores. The aperture is arched in narrow view and has a thickened rim. The shell is very transparent, yellowish, with smooth surfaces characterized by small xenosomes in organic cement. This genus is only known from Sphagnum in the southern hemisphere (Meisterfeld, 2002) .
Previously, Apodera vas was classified into the genus Nebela. However, this species is characterized by specific shell architecture, and because of that, Jung (1942) placed this amoeba into a new genus named Apodera. Nevertheless, many authors believe that Apodera vas is a member of the genus Nebela. The genus Apodera includes three species, the most significant being A. vas. This species was found only in the southern hemisphere. Its shell is laterally flattened, and the color varies from light yellow to dark brown. The most striking characteristic of the shell is a pronounced neck, which is separated from the rest of the shell by clear and deep indentation (Smith and Wilkinson, 2007) . Zapata and Fernández (2008) described the morphological characteristics of this species and noted: "The neck is variable in length, but never greater than the total length of the test [...]", which is logical because a part can never be greater than the whole to which it belongs. I assume this was an error, and that the authors wanted to say that the neck is always shorter than the rest of the shell. This assumption is confirmed by the illustrations presented in the mentioned paper. Todorov et al. (2010) investigated the morphological, morphometrical and ecological characteristics of Difflugia nebeloides Gauthier-Lièvre et Thomas, 1958 which they included in the genus Nebela. The reason for this taxonomic change lies in the fact that the shell of this species is constructed of oval, circular and rectangular silica plates. These plates are recycled shell plates of testate amoebae from the orders Arcellinida and Euglyphida. Namely, Nebela nebeloides collect plates from the environment or during feeding. This is a characteristic of members of the genus Nebela. However, based on molecular data, Lara and Todorov placed members of the genus Nebela with a long neck into a separate genus named Padaungiella. These authors changed the name of N. nebeloides to P. nebeloides (Kosakyan et al., 2012) .
Diagnosis -Shell is rigid, dorsoventrally flattened or circular in cross-section, usually colorless or yellowto-brown, sometimes with lateral pores. It has the form of a flask, i.e. possesses a more or less long neck. Shells are characterized by predated siliceous oval or quadrangular plates. When building materials are limited, the shells of some species are completely organic. Aperture is terminal and usually possesses a thin organic lip. Absence of sets of teeth or septa that extend along the oral-aboral axis on the inner side of the neck.
Type genus -I propose the genus Padaungiella Lara et Todorov, 2012 as the type genus for the family Padaungiellidae. Lara and Todorov (in Kosakyan et al., 2012) proposed P. lageniformis as the type species for the genus.
Padaungiella lageniformis
morphology -The shell is transparent, pyriform, always compressed (Figs. 1A-C), rounded aborally, prolonged into a tubular neck. The shell is composed of a mixture of predated or collected oval and circular plates. These plates are usually arranged haphazardly and overlap. The aperture is ellipsoid with regular outline, and is surrounded by a thick lip of organic cement. It is characterized by an uneven and undulating rim. Namely, in frontal view the apertural collar is convex, while in lateral view it is concave. During this research, I found one aberrant form (Fig. 1D ). Fig.  2 shows microphotographs of different specimens in broad lateral view.
morphometry -The morphometric characters of 334 specimens from the Vlasina Lake area were measured and results are given in Table 1 . Coefficients of variation are moderately low for all measured characters. Namely, coefficients of variation range from 4.37% to 10.71%. For basic characters, the minimal variability was observed for shell length (5.46%) and shell width (6.23%), while maximal variation coefficients were observed for area of optical section (10.71%) and neck length (8.66%). For ratio characters, the minimal variability was observed for shell width/shell length ratio (4.37%) and neck width/ shell width ratio (5.19%), while maximal variation coefficients were observed for neck length/aperture width ratio (9.44%) and neck width/neck length ratio (8.49%). Analysis of the size frequency distribution of the measured specimens indicated that P. lageniformis is size-monomorphic species. For example, shell length ranged from 91 to 127 μm. However, 80.54% of all the specimens had a shell length of 105-119 μm, whereas only 11.68% were shorter than 105 μm and only 7.78% longer than 119 μm. The histogram for the shell width (Fig. 3) shows almost the same regularity in the distribution. Namely, all measured specimens had a shell width between 51 and 73 μm. In this case, 88.92% of all specimens had a shell width of 54-65 μm, whereas only 2.99% were narrower than 54 μm and wider than 65 μm.
The negative values of skewness for neck width, neck length/shell length ratio, shell length and aperture width show an asymmetrical distribution with a long tail to the left (lower values). However, asymmetry of all these characters is low, i.e. skewness is between -0.039 and -0.230. The moderate positive values (between 0.286 and 0.418) of skewness were observed for aperture width/shell length ratio, neck width/shell width ratio and neck width/aperture width ratio. High positive values (between 0.566 and 0.746) of skewness were observed for neck width/shell length ratio Min and Max -minimum and maximum values, M -median, x -arithmetic mean, SE -standard error of the arithmetic mean, SD -standard deviation, CV -coefficient of variation in %, Sk -skewness, Ku -kurtosis. The following abbreviations were used for morphometric characters: Sl -shell length, Sw -shell width, Aw -aperture width, Nl -neck length, Nw -neck width, A -area of optical section. and neck width/neck length ratio. All other variables were characterized by low positive skewness (between 0.040 and 0.243). Four characters (shell width, aperture width, neck width and area of optical section) had negative values of kurtosis, i.e. they are characterized by a flatter distribution than the Gaussian distribution. This indicates that the average size group has a higher dispersion. However, because negative values did not clearly differ from zero (between -0.067 and -0.131), deviation of Gaussian distribution was minimal. All other variables had positive values of kurtosis, i.e. they were characterized by distribution more peaked than Gaussian distribution. The low positive values (between 0.006 and 0.130) were observed for shell length, neck length and neck length/shell length ratio. According to these data, I concluded that the frequency distribution of only seven of sixteen variables showed approximately zero level of kurtosis, which indicates that specimens with average measurements were not predominant in the studied population. Moderate positive values (between 0.328 and 0.369) were observed for aperture width/shell width ratio and neck width/ aperture width ratio. Seven variables had high positive values (between 0.563 and 2.968) of kurtosis, and most positive values were observed for neck width/ shell length ratio and neck width/neck length ratio.
remarks -Shell aperture is an important taxonomic character. Almost all lobose testate amoebae have a single aperture. However, Cash and Hopkinson (1909) described and illustrated a form of Difflugia petricola Cash, 1909 with two apertures: "A unique example was observed of a double test, as though an individual had annexed its neighbour, producing a form which looked like a test with two necks and two apertures". In 2005, Snegovaya and Alekperov described a new freshwater family, Bipseudostomatidae, with is characterized by a shell with two apertures. These apertures are connected to the shell by a welldefined neck or necks. Namely, members of the genus gomocollariella are characterized by a solid neck with two apertures, while members of the genus Bipseudostomatella are characterized by two necks with a single aperture on each neck. Snegovaya and Alekperov (2005) believe that the biapertural form of D. petricola is a member of the genus Bipseudostomatella.
To date, members of the family Padaungiellidae have been poorly studied morphometrically. I give below a review of morphometric studies related to Padaungiellidae species. Based on the biometric characteristics of 130 specimens taken from 22 publications, Smith and Wilkinson (2007) concluded that the shell length of Apodera vas varied between 90 and 210 μm. The frequency distribution of shell length (Smith and Wilkinson, 2007) showed a very accurate distribution of this character. However, the authors did not give a table with the usual biometric data. For this reason, the coefficient of variation of characters and standard error of the arithmetic means cannot be seen. Zapata and Fernández (2008) redescribed A. vas, based on two populations from Chile. Biometric analyses of both populations were based on 100 specimens. The minimal coefficients of variation were observed for shell length (1.6% and 1.4%), shell width (1.4% and 1.8%), width of neck base (1.4% and 1.7%) and shell width/shell length ratio (1.5% in both populations), while the maximal coefficient of variation was observed for smaller aperture diameter (3.8% and 3.0%). The maximal standard error of arithmetic mean is noted in the analysis of shell length and amounts to 2.47 for the first population and 2.55 for the second. Although the study included a relatively large number of specimens, high errors in the standard arithmetic mean values are noted due to a high range of minimum and maximum shell length between specimens in population (111-233 μm and 123-234 μm). The histograms of frequency distribution of shell length (Zapata and Fernández, 2008) suggest that the studied populations of A. vas were composed of two or three biometric classes. Based on this information, the authors concluded that A. vas is a polymorphic species. However, the possibility that A. vas is a species complex with some distinct pseudo-cryptic species should not be rejected. This taxonomic confusion could be solved with detailed molecular studies of infraspecific variability. If it turns out that the differences at DNA level between the defined biometric classes are large enough, they should be treated as separate species. Ogden (1984) reported five specimens of P. lageniformis (as Nebela lageniformis) from the Vlasina Lake area and noted the following measurements: shell length 98-120 μm, shell breadth 50-69 μm, shell depth 39-43 μm, aperture diameter 9-12 x 19-25 μm. My measurements are very similar to those reported by Ogden (1984) . However, my analysis is based on more specimens and this is probably the reason for the high morphometric diversity observed. This is evidence that populations of testate amoebae are more or less stable biometric groups. Todorov et al. (2010) redescribed P. nebeloides based on two populations: one from Bulgaria (100 specimens) and one from Austria (11 specimens). The minimal coefficient of variation in the Bulgarian population is noted for shell length and neck width (4.3%), while the maximal coefficient of variation is noted for neck length (8.2%). In the Austrian population, the minimal coefficient of variation is noted for shell length (2.4%), while shell width is characterized by the maximal coefficient of variation (5.8%). The highest values of standard error of arithmetic mean for analysis of the Bulgarian population were observed for the shell length − 0.54. It is also the highest value of standard error of arithmetic mean in analysis of Austrian population noted for shell length (0.88). According to this criterion, it can be concluded that the biometric analyses of both populations was reliable. Of course, the analysis of the Austrian population has a lower degree of reliability, which is understandable if we take into account the sample size. Also, the variability of the Austrian population is less explored. All this indicates the necessity for further biometric studies of this species based on many populations with larger sample sizes. Based on the presented data, I concluded that P. lageniformis is generally more variable than P. nebeloides. The neck is also a very important identifying taxonomic feature at the genus level of members of the family Padaungiellidae. However, neck length was a very variable character in the studied members of the genus Padaungiella.
CONCLUSIONS
Populations of the asexual protists are aggregations of some limited number of clones (Tikhonenkov et al., 2008) . For this reason, all populations of testate amoebal morphospecies are composed of a limited number of biometrically defined groups. The question is whether pseudo-cryptic species are formed by genetic drift or natural selection. In addition, what is the process of forming a new morphospecies? Is one step enough for the formation of new testate amoebae genera and families? I think that new pseudo-cryptic species originate by both genetic drift and natural selection, but genetic drift plays more important role in the most number of cases. Morphospecies originate by natural selection, but genetic drift plays a small role in the formation of these taxa. Also, I think that new genera and families originate by a combination of large mutations and genetic drift, while natural selection plays a small role.
